Abstract. The capabilities of the CMS experiment allow to investigate various hard probes, as well as bulk particle production and collective phenomena, using the calorimetry, muon and tracking systems covering a large range in pseudorapidity. In this paper selected results of the CMS experiment from p-p and Pb-Pb collisions at p s NN = 2.76 TeV are discussed. First results from the recent p-Pb Run at p s NN = 5.02 TeV are also be presented.
Introduction
This paper reports on the latest results on heavy ions physics obtained by the CMS Collaboration. The Compact Muon Solenoid (CMS) is a high-energy physics experiment located at the Large Hadron Collider (LHC), CERN. The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diameter, providing a magnetic field of 3.8 T. Within the superconducting solenoid volume are a silicon pixel and strip tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass/scintillator hadron calorimeter (HCAL). Muons are measured in gas-ionization detectors embedded in the steel return yoke outside the solenoid. Extensive forward calorimetry complements the coverage provided by the barrel and endcap detectors; iron forward calorimeters (HF) with quartz fibers, read out by photomultipliers, extend the calorimeter coverage up to |⌘| = 5.0 and are used to classify the p-Pb and Pb-Pb collisions. A more detailed description can be found in Ref. [1] . All the detailed simulations of the interaction of the collision products with the CMS detector shown in these studies are made with geant4 [2] .
Results of p-Pb Run in 2013
In the beginning of 2013, the LHC collider provided 1 µb -1 of proton-lead collisions at p s NN = 5.02 TeV. Those data are used as an alternate environment, independent of PbPb collisions, for the study of hot nuclear matter. We detail in this section the results of three measurements: two-particle correlations, dijet balance and charged hadron spectra.
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Two-particle correlations in p-Pb collisions
This analysis [3] focuses on long-range, near-side twoparticle correlations. Events are collected online through usage of a track-based minimum bias trigger, where events are accepted if there is at least one track with p T > 400 MeV in the pixel tracker. In the o✏ine analysis, a coincidence of at least one HF calorimetric tower with E > 3 GeV on both the positive and negative sides of HF is required, in order to select hadronic collisions. Additionally, the presence of at least one reconstructed primary vertex with two tracks and a minimum fraction of good quality tracks is required in order to minimise beam-induced background. Those o✏ine requirements are collectively called the "basic hadronic selection". Tracks are considered for analysis only if they are "high purity" tracks, with p T > 100 MeV and |⌘| < 2.4. The events are divided in four track multiplicity categories: N trk < 35, 35-89, 90-109, > 110 tracks. The two-particle correlation function is given by:
where ⌘, are the di↵erences in ⌘ and of the two particles. The signal distribution S is the per-trigger-particle yield for pairs from the same event, while B is the analogous distribution for pairs coming from di↵erent events, which are not correlated.
In Fig. 1 , we can see the presence of a long-range structure in the azimuthal correlations for 2 < | ⌘| < 4, in the near-side region ( ⇠ 0). This result is qualitatively similar for that observed previously both in p s = 7 TeV p-p collisions and in nucleus-nucleus collisions. Figure 2 shows the associated yield for both 7 TeV p-p data and 5.02 TeV p-Pb data. The left plot shows the yield as a function of p T for N trk > 110, while the right plot shows the yield as function of multiplicity for 1 < p T < 2 GeV. It can be seen that not only the absolute associated yield is larger in p-Pb collisions, but also that the correlations start to increase for N trk ' 40.
Dijet balance and pseudorapidity in p-Pb collisions
This analysis [4] studies dijet events in p-Pb collisions as a function of the forward calorimeter activity. The dijet momentum balance, the azimuthal angle correlations and the pseudo rapidity distributions are investigated. The events used in this analysis were selected using an inclusive single-jet trigger in the trigger, requiring a calorimeterbased jet with corrected transverse momentum p T > 100 GeV. In additional to this jet data sample, a minimum bias event sample was selected by requiring at least one track with p T > 400 MeV found in the pixel tracker system. For the o✏ine analysis, jets are reconstructed from Particle Flow [5] objects using the anti-k T [6] algorithm with size parameter R = 0.3. To select a dijet topology, events are retained if the leading jet has p T > 120 GeV, while the subleading jet has p T > 30 GeV. Both jets should have |⌘| < 3, with an azimuthal distance > 2⇡/3. No selection on the presence or absence of a third jet is performed. To further reduce noise, it is required that at either of the two jets has at least one track with p T > 4 GeV. Basic collision requirements are also applied.
The selected minimum bias and dijet events are divided into forward activity categories using the raw transverse energy measured by the HF detector. Figure 3 shows the HF transverse energy (E HF T ) distribution for the selected dijet events and minimum bias events. It can be seen that the selection of high-p T dijet event leads to a bias in the E HF T distribution towards higher values. The data are categorised in five E HF T bins: 0-20, 20-25, 25-30, 30-40 and 40-100 GeV, and compared both to pythia [7] (pp collisions) and pythia+hijing [8] (p-Pb) simulations. From Fig. 4 it can be seem that, as a function of the forward calorimetric activity, the dijet pseudo rapidity distribution deviates from both the pythia and the pythia+hijing predictions. No deviations on the dijet momentum balance and azimuthal correlation distributions are observed, however. These results show that the the observed dijet asymmetry in Pb-Pb collisions is not originating from initial state e↵ects, and the measurements can provide quantitative constraints on the nuclear parton distribution function. 
Charged hadron spectra in p-Pb collisions
This analysis [9] studies the spectra of charged hadrons in p-Pb collisions. The events used in this analysis were selected with the track-based minimum bias trigger. For the o✏ine analysis only events with the presence of at least one tower with energy above 3 GeV in each of the HF calorimeters, were selected. Basic collision requirements were also applied. Only tracks with p T in the range 0.1 to 1.7 GeV, |⌘| < 1.0 and passing quality requirements are considered. Tracks are then identified as from a given species of hadron (⇡, K, p) through their energy loss rate (✏) in the tracker material. The di↵erent ionisation curves can be seen in Fig. 5 . It can be seen that particle identification capabilities are restricted to p < 0.15 GeV for electrons, p < 1.20 GeV for pions, p < 1.05 GeV for kaons, and p < 1.70 GeV for protons.
The e ciencies for event selection, tracking, and vertexing were evaluated by means of simulated event samples produced with the hijing event generator. The independent species of hadrons yields were derived by direct counting (for low momentum tracks) and by template fits in log ✏, in bins of p T and ⌘.
This study shows that the track average p T increases rapidly with the mass of the hadron and with the event charged-particle multiplicity. In a comparison with the generators hijing, ampt [10] and epos (lhc) [11] , it can be seen from Fig. 6 that all predict steeper p T distributions and much smaller average p T than found in data. Also, from Fig. 7 it can be seen that there are substantial deviation for the p/⇡ ratios. This comparison can be used to constrain models of hadron production and contribute to the understanding of non-perturbative dynamics in hadronic collisions, through improvements of the models implemented in those generators.
Results of Pb-Pb Run in 2011
In 2011, the LHC collider provided 150 µb -1 of lead-lead collisions at p s NN = 2.76 TeV. We detail in this section the results of two analyses: the measurement of the high- p T jet R AA , and the study of very high p T dihadron correlations.
High-p T jet R AA in Pb-Pb collisions
The goal of this analysis [12] is to study the jet nuclear modification factor R AA in Pb-Pb collisions, searching for evidences of a change of the jet structure due to jetmedium interactions. Events are selected online through the presence of a calorimetric jet with p T > 80 GeV. In the o✏ine selection, jets are reconstructed from Particle Flow candidates, using the anti-k T algorithm with a size parameter of R=0.3. Only events with jets with p T > 100 GeV and |⌘| < 2 are considered. In addition, the ratio of the leading track in the jet to the total jet p T is required to be larger than 1%. Basic collision requirements are also applied. The collision centrality is determined from the deposition of transverse energy in HF, and it is divided into six bins: 0-5%, 5-10%, 10-30%, 30-50%, 50-70%, 70-90%. The experimentally determined centrality bins are correlated to the collision impact parameter using a Glauber model calculation [13] ; the parameters related to centrality hN part i, hN coll i and T AA are shown in Table 1 . The jet R AA is then calculated as: Figure 9 . Bayesian unfolded jet R AA for anti-k T jets of R=0.3 as a function of N part . Closed circles represent the jet R AA for 100 < jet p T < 110 GeV, and open boxes the jet R AA for 100 < jet p T < 300 GeV.
R AA = dN AA jets /dp T hN coll idN pp jets /dp T = dN AA jets /dp T hR AA id pp jets /dp T .
.
The underlying event background is removed during jet reconstruction through the iterative "noise/pedestal subtraction" technique. Figure 8 shows the average background subtracted. However, due to the soft background prevalent in p-Pb collisions, further corrections are needed. In Fig. 9 the e↵ects of a specific kind of unfolding (Bayesian) are shown, but the results are consistent within di↵erent methods of unfolding. The jet nuclear modification R AA is measured to be approximately 0.5 for high centrality, while being consistent with 1 (meaning no suppression) for low centrality. Those results are shown to be independent of jet p T and consistent with the usage of di↵erent cone sizes for the jet algorithm (R = 0.2, 0.4).
Very high p T dihadron correlations
The final analysis we discuss here is the study of hadron correlations as function of the particle transverse momenta and collision centrality [14] . The goal of this analysis is to measure the I AA modification factor, given by:
where
⌘ denotes the jet-induced yield in Pb-Pb (p-p) collisions. The di↵erential per-triggerparticle associated yield is defined by:
which is integrated in (⌘, ) to give the jet-induced yields defined above. This analysis uses a single-track trigger with an additional jet requirement for events with total calorimetric E T < 100 GeV. Events are further selected through the presence of calorimetric energy in the HF, plus basic hadronic collision selections. Tracks are considered in the p T range 19.2-48 GeV (0.5-4 GeV) for trigger (associated) tracks. The centrality of the Pb-Pb reaction is determined by taking fractions of the total hadronic inelastic cross section, according to percentiles of the distribution of the total energy deposited in the HF calorimeters. The centrality bins used in this analysis are 0-10%, 10-20%, 20-30%, 30-40%, 40-50%, and 50-60%.
To obtain a clean measurement of I AA , we subtract the contribution from the single-particle azimutal anisotropies. The subtracted term is given by:
where the coe cients v n (p trig T ) and v n (p assoc T ) are the singleparticle azimuthal anisotropy harmonics for the trigger and associated particles, respectively. The a 0 parameter is extracted by the Zero-Yield-At-Minimum procedure [15] , which assumes that, for the jet-like correlations, the correlated yield drops to zero in a certain around ⇡/2. The v n (p T ) values are determined using the event-plane method.
Our measurements show that, at the away side ( ⇠ ⇡), for very central (0-10%) Pb-Pb collisions, there is a large enhancement of I AA , by a factor of around 3-4, at low p assoc T ; for high p assoc T there is a suppression of around 50% instead. This suggests that the energy loss of the high-p T partons in the medium is converted to low p T particles. On the near side ( ⇠ 0), instead, there's a significantly smaller di↵erence between the p-p and Pb-Pb collision. That is consistent with a minimal energy loss of the higherp trig T particle predominantly coming from the surface of the medium. 
Conclusions
The first CMS results of the p-Pb run at p s NN = 5.02 TeV are starting to become available, while many analyses of the 2011 Pb-Pb run are in the finishing stages. The results shown in the analyses discussed here can already put constraints in di↵erent models for description of hot nuclear matter. We foresee that CMS will continue to deliver quality heavy-ion results in the coming years.
